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Overview 

• Problem Description 
• Project Goals
• GLPK
• Data/Variables/Constraints
• Remaining issues
• Questions?



The Problem

• USNA math courses currently scheduled by 
hand 
– extremely cumbersome
– Large number of variables (200+ sections, 80+ 

instructors, etc.)
– Many constraints: professor and room 

availability, course meeting times (three times a 
week, four times, etc.)

– Results in several days of work by some faculty 
member



Objectives

• Use Integer Programming to provide Math 
department with a feasible schedule
– Solve using GLPK
– Ideally, produce a decision tool to simplify future 

scheduling

• Gain experience in large-scale IP scheduling 
problems
– Preparation for internships and postgraduate 

work



GLPK

• GLPK = free integer programming 
software for solution
– Potentially not powerful enough to solve 

problem of this magnitude



Given Data
• Course-teacher assignments already 

completed by Department Chair
– Number of sections for each course 

already determined
– Course structure defined (e.g. MWF, TR, 

etc.)
• Rooms available 

– roughly 85 rooms (4 computer labs)
• Period construction preset 

– Monday-Friday, 6 periods each



Decision Variables

• Xijk = 1 if course i starts during period 
j in room k

• Xijk = 0 o.w.
• “Course i” represents some number 

(1,2,3) of consecutive sections of the 
same course
– Ex. Professor Miller teaches 2 sections of 

course Math101 beginning in period 2 in 
room 001



Constraint #1

• “Every course i must start during some 
period j in some room k”  tells GLPK which set to input

• AMPL:  constraint name                                                           

subject to req{i in COURSES}: sum{j in PERIODS, k in ROOMS} 
x[i,j,k] = 1;

• Algebraic Notation:
For every course i:

Xi,j,k = 1 ,    summing over 

j in Periods, k in Rooms



Constraint #2

• “5 period Calculus courses must take place 
during MTWRF periods”

• One constraint for each type of class
• subject to calc5{i in CALC5PER}: 
sum{j in MWF, k in ROOMS} x[i,j,k] + 
sum{u in MTWF, k in ROOMS} x[i,u,k] + 
sum{v in MWRF, k in ROOMS} x[i,v,k] = 0;
• Slightly more complicated constraint:

• Indices change to ‘u’ and ‘v’
• Sum = 0; make objective true with a constraint making 

the inverse false 



Constraint #3

• “Cannot begin teaching a 2-section block in periods 
4 or 6”

• subject to lunch1{j in PERIODST3, k in ROOMS}: 
• sum{i in TWOCOURSES} x[i,j,k] = 0;

– PERIODST3 = periods type three, periods with no 
immediately following period

– TWOCOURSES = back-to-back courses, i.e. two 
periods of Multivariable Calculus taught 
consecutively



Constraint #4
• “Only one course may occupy a room during any 

period”

• subject to overlap3{j in PERIODST4, k in ROOMS}:

sum{i in COURSES} x[i,j,k] + 
sum{i in TWOCOURSES, v in TWOCONF[j]} x[i,v,k] +
sum{i in THREECOURSES, u in THREECONF[j]} x[i,u,k] 
<= 1;
– PERIODST4 = periods with two preceding periods (3rd and 4th)
– TWOCONF[i] = period preceding period j
– THREECONF[j] = one and two periods preceding period j



Other Constraints Implemented

• “Teachers can only teach one course at a 
time”

• “Computer courses must take place in 
computer rooms”

• “Instructor Miller can only teach in the 
mornings”

• “Courses of the same instructor must be 
taught consecutively”

***
• No objective, simply looking for feasible 

solution



AMPL Code



AMPL Code (cont.)



Remaining Issues

• GLPK running for >48 hours, 700mb 
memory, no solution
– CPLEX?
– GUROBI?

• Add constraints to reflect graduation 
requirements and teacher preferences

• Alter decision tool to ensure it is more 
user-friendly



Questions???
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